S urgical smoke is a phenomenon well known to surgical nurses, surgeons, and other operating room personnel. Generated by the combustion of tissues by means of electrocautery, lasers, and harmonic scalpels, it is less known to those health care workers who conduct their careers outside the operating room. The health effects of exposure to surgical smoke remain controversial and many questions are unanswered. Some studies indicate that the inhalation of surgical smoke has similar mutagenic and carcinogenic potential to cigarette smoke (Allen, 2004; Barrett & Garber, 2003) and that inhaling just 1 gram of surgical smoke is equal to smoking six cigarettes (Allen, 2004 ). Because of the potential for harm, occupational health nurses who have surgical personnel as clients need to be aware of the existence of surgical smoke and its potential effects on surgical staff.
BACKGROUND
Surgical smoke is also referred to in the literature as plume, vapor, and aerosol. It is created by the surgical techniques of electrocautery, laser tissue ablation, and ultrasonic or harmonic tissue dissection. Although these instruments are used for different procedures and the smoke created contains different end-products, by-products include toxic gases, chemicals, cell particles, viruses of various sizes, and aerosol of tissue and blood (Barrett & Garber, 2003) .
Because of its potential for hazardous content, the Occupational (1996) indicated that surgical smoke may be covered under the Bloodborne Pathogen Standard and the general duty clause. Barrett and Garber (2003) asserted that the inhalation of surgical smoke is similar to cigarette smoke with all the associated hazards.
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GASES AND CHEMICALS
Nearly 600 organic compounds have been identified in surgical smoke (Allen, 2004) . Examples are included in the Sidebar.
The chemical families of greatest quantity are hydrocarbons, nitriles, fatty acids, and phenols. Of these, carbon monoxide and acrylonitrile are of particular concern. Found in smaller concentrations, but also of concern, are hydrogen cyanide, formaldehyde, and benzene (Barrett & Garber, 2003) . Carbon monoxide, furfural, and hydrogen cyanide have been measured just at or in excess of occupational exposure limits (Barrett & Garber, 2003; Hollman et aI., 2004; Luttman, Meininger, & Soper, 1997) . Many of the chemicals found in surgical smoke have no occupational exposure limit (Hollman et aI., 2004) .
CHEMICAL REVIEW
Carbon monoxide. Carbon monoxide is an odorless gas and, when inhaled, it causes central nervous system effects caused by hypoxia that can range from mild to fatal depending on concentration. Effects caused by longterm exposure at low concentrations are unknown (So, 1997) . Carbon monoxide generation during laparoscopic surgery has emerged recently as a particular concern. During laparoscopic surgery, carbon monoxide is trapped in the peritoneum. Concentration levels have been measured in excess of OSHA allowable concentrations and there is some possibility of this gas escaping from the abdomen into the operating environment (Luttman et al., 1997) .
Acrylonitrile. Acrylonitrile is a volatile compound known to cause respiratory irritation, nausea, dizziness, headache and fatigue. Toxicity is probably due to metabolization into cyanide in the human body (Harrison, 1997) .
Formaldehyde. Formaldehyde is a common chemical that can cause respiratory irritation (Harrison, 1997) .
Benzene. Benzene is an aromatic hydrocarbon solvent implicated as a carcinogen that may cause leukemia. Health effects of most solvents are primarily on the central nervous system (Rosenberg, Cone, & Katz, 1997) .
Furfural. Furfural is another solvent that acts as an irritant to the central nervous system in humans. It has been shown to be carcinogenic in animal studies (Hollman et aI., 2004) .
CELLS AND INFECTIOUS PARTICLES
Studies tracking cells and other infectious particles offer differing results. Although some researchers have found no airborne infectious particles, others have identified and measured papillomavirus in the smoke generated by electrocautery (Sawchuk, Weber, Lowry, & Dzubow, 1989 ) and CO 2 lasers (Garden et al.,
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and advance the literature surrounding this controversial topic. (Barrett &Garber, 2003) 1988). A few cases of wart transmission from patient to surgeon have been suggested, and one has been proven. Human immunodeficiency virus DNA has been cultured from laser smoke (Barrett & Garber, 2(03) . Dead and live cell fragments and viruses have been cultured, including HIV, but there have been no reports of transmission (NIOSH, 1998) .
2,3-Dihydro indene
CONTROLS
Control recommendations include engineering and personal protective equipment. NIOSH (1988) says that general room ventilation alone is not sufficient and engineering controls must include additional local exhaust at the source. Local exhaust options include portable smoke evacuators and room suction systems. In either case, local exhaust equipment should use appropriate filters and be used within 2 inches of where surgical smoke is being generated. Additionally, filters and tubes from this equipment should be considered and dealt with as infectious waste (NIOSH, 1998) .
Masks used during surgical procedures that may potentially generate surgical smoke should filter particles from 0.3 to 0.1 micrometers (Allen, 2004) . However, these masks should not beconsidered the primary control, nor as offering 100% protection (Recommended practices, I998).
All operating room personnel should be advised to avoid surgical 
THE FUTURE
Inhalation of surgical smoke continues to be a concern for operating room staff, and the question of its potential for harm remains unanswered. Multiple studies have shown that the content of surgical smoke is hazardous, particularly because of the presence of chemicals known to be mutagenic and carcinogenic (Barrett & Garber, 2003; Hollmann et al., 2004; Wu et al., 1997) . On the other hand, surgeons and nurses have been exposed to surgical smoke for years and remain healthy to date.
Surgical smoke's similarity to cigarette smoke makes a tempting comparison and raises many hypothetical questions. Does it have the capacity to cause cancer or chronic obstructive pulmonary disease after a long latency period? In hindsight, will health care professionals be embarrassed about their cavalier attitudes toward surgical smoke as they once were with cigarette smoke? More information and future studies are needed. Until then, it seems prudent to educate surgical personnel about the potential dangers of surgical smoke, help them to avoid it through proper education, protective equipment, and engineering controls
